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Abstract 
We developed an innovative type of varifocal liquid lens actuated by electrostatic parallel plates. The 3mm diameter lens is made 
of a polymer membrane that encapsulates a high permittivity liquid in a cavity on top of a glass wafer. Annular electrodes 
situated below the membrane and on the glass wafer form the electrostatic parallel plates actuator. Applying a voltage between 
the electrodes reduces the gap and pushes the liquid towards the center of the lens changing the curvature of the membrane. 
Compared to previous liquid lenses, significant outline improvement (<6×6×0.7mm) and supply voltage reduction (<25V) is 
demonstrated. Wave front measurements indicate an optical power change of 8m-1 at 22VRMS that can be further improved. The 
lenses were fabricated on 200mm wafers using standard microelectronics processes that make our solution a promising small 
outline, low voltage and low cost candidate for auto-focus devices in camera phones. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
The camera modules integrated in the mobile phones are currently gaining performance without compromising 
on size and cost. While advanced functions such as optical auto-focus or zoom have existed for a long time in digital 
cameras, these functions are harder to integrate in camera modules for mobile phones because of the size, power 
consumption and cost constraints. 
Traditionally, the tuning of the focal length, that is necessary to perform zoom, auto-focus or image stabilization, 
is obtained by mechanically adjusting the distance between two lenses using stepper motors. Alternatively variable 
focus liquid lenses with no moving parts were proposed to provide more compact elements, such as in liquid-crystal 
lenses [1–2] liquid droplet lenses, where a curvature change is induced by the electrowetting [3] or dielectrophoretic 
effect [4] and deformable membrane lenses [5–12]. In the latter case, a hydraulic pressure applied in a shifted 
chamber displaces the liquid towards the center of the lens changing the curvature of the membrane. For instance, 
thermal [6], electromagnetic [7], electrostatic [8], stimuli responsive [9], piezoelectric [10, 11] or electro-active 
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polymers [12] actuators were proposed to provide the desired pressure. 
In this work, we propose a new type of deformable membrane lens where a parallel plates electrostatic actuator is 
integrated to the membrane and the lens. As shown in fig. 1, when a voltage difference is applied between the 
electrodes, an electrostatic force attracts the upper electrode and the membrane towards the bottom electrode, 
pushing the liquid to the centre of the lens. This results in a modification of the membrane shape and of the lens 
radius of curvature. 
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Fig. 1. Schematic representation of the operating principle with cross-sections of a liquid lens without (a) or with (b) an applied voltage. (c) 
Schematic description of the fabrication steps of the liquid lens. 
2. Varifocal lenses fabrication process 
The fabrication process flow is described in fig. 1 (c). On a 200mm silicon wafer, a 1μm transparent flexible 
polymer membrane and a first annular metal electrode are defined by conventional deposition, lithography and etch 
steps. On a 200mm glass wafer, the second annular metal electrode is created similarly, followed by the definition of 
a circular, 25μm height, cavity using photosensitive materials. A high dielectric constant, low viscosity, transparent 
liquid is then dispensed in the cavity. Finally, the two wafers are assembled by polymer bonding with high 
alignment accuracy. 
(a) (b)
(c)
Fig. 2. Picture of a 200mm wafer at the end of the fabrication process: glass side (a) and Si side (b). (c) Close-up on a group of lens (Si side). 
The annular electrodes have an inner diameter of 3mm corresponding to the optical area. The electrodes width 
ranges from 0.7mm to 1.3mm for a total outline of less than 6×6×0.7mm. Fig. 2 (a) and (b) show a 200mm wafer on 
the glass side and Si side, respectively. (c) Close-up of a group of lenses after dicing (Si side). 
3. Results and discussion 
The focus efficiency of the lenses was characterized using a Shack-Hartmann wave front analyzer. Fig. 3 (a) and 
(b) show the spatial distribution of the wave front for different applied voltages (no focus correction). At 0V 
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(15VRMS), focal lengths f of -50cm diverging (+25cm converging) are measured respectively. AC drive signals were 
applied to prevent electrode screening effects [13]. Fig. 3 (c) presents the variation of the optical power (inverse of 
the focal length) as a function of the applied voltage. Up to 8m-1 optical power increase is measured at 22VRMS. 
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Fig. 3. Spatial distribution of the wave front without applied voltage (a) and at V=15VRMS (b). No focus correction was applied. The lens evolves 
from diverging (f=-50cm) to converging (f=+25cm). (c) Optical power (1/f) as a function of the RMS of the applied voltage. 
A variable focus liquid lens was placed ahead of a 3Mp camera module and images were taken of objects situated 
at 270cm, 19cm and 7cm. Fig. 6 shows the obtained pictures at 0, 15 and 22VRMS. A noticeable change in the focus 
is observed when the voltage is increased and the card at 7cm, blurred without voltage, can be resolved at 22VRMS. 
(a) (b) (c)
Fig. 4. Images captured by the varifocal lens ahead of a camera module of objects situated at 7cm, 19cm and 270cm. Applied voltages: (a) 0, (b) 
15 and (c)22VRMS. 
Currently, VCM (voice coil motor) based auto-focus devices are mainly used in camera phones, but the needs to 
increase the compactedness and to reduce the costs have opened the way to other solutions, many of them being 
based on liquid lenses [1–12]. However, most of the alternative devices proposed up to now are still not satisfactory 
[14]. For instance, the electrowetting or dielectrophoretic lenses needs a very high supplied voltage (>50V) and are 
relatively thick (>1.5mm). The liquid crystal lenses are usually light polarization dependent and have a high 
response time for the devices with the optical dimensions that are needed in camera phones. Finally, even if the 
deformable membrane lenses have the highest potential in terms of optical power, the proposed actuators are often 
not integrated or not adapted to the integration in a camera phone. When present, the actuation solutions usually 
result in too high in-plane or vertical dimensions. Compared to other liquid lenses, the solution developed here 
provides significant outline improvement (<6×6×0.7mm), due to the integration of the actuator directly to the 
membrane, and supply voltage reduction (<25V). Note also that the lenses were fabricated at the wafer-level, with 
low cost, microelectronics compatible, processes. 
Moreover, when analyzing the performance demonstrated, there is still room for improvement. The electrostatic 
force associated to a parallel plates actuator can be expressed as [15]: 
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where ε0 is the vacuum permittivity, εl is the liquid dielectric constant, S is the electrodes surface, VRMS is the root 
mean square of the applied voltage across the liquid and x is the distance between the electrodes. 
Besides changing the device dimensions (electrodes surface or gap), a straightforward way to increase the force is 
to increase the liquid permittivity. On the other hand, the membrane displacement is obtained by balancing the 
electrostatic force with the mechanical restoring force that is mainly determined by the membrane Young modulus, 
residual stress, and thickness for a given surface [16]. Using multi-physics simulations (mechanics, fluidics, and 
electrostatics), it is foreseen that an optimization of the device dimensions (cavity depth, electrodes width), of the 
liquid properties (higher permittivity) and of the membrane rigidity (lower elastic modulus and residual stress) can 
enhance the device performance up to 15m-1 optical power below 20V applied voltage [17]. 
4. Conclusion 
In conclusion, we have developed a new type of varifocal liquid lens based on a deformable membrane actuated 
by electrostatic parallel plates. A flexible polymer membrane that encapsulates a high dielectric constant liquid in a 
cavity on top of a glass wafer defines the lens. The parallel plates electrostatic actuator is made of annular electrodes 
situated below the membrane and on the glass wafer. The inner diameter of the electrodes, 3 mm, defines the optical 
opening of the lens for a total outline of 6×6×0.7mm and potentially less. Applying a voltage between the electrodes 
reduces the gap and pushes the liquid towards the center of the lens changing the curvature of the membrane. 
Optical measurements demonstrate an increase of the optical power of 8m-1 for an applied AC voltage of 22VRMS. 
Compared to other varifocal liquid lenses, this technology permits significant outline improvement and supply 
voltage reduction. Finally, the collective fabrication of the lenses on 200mm wafers, using microelectronics-
compatible processes only, makes our technology particularly cost-competitive. 
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